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Dynamic and Thermal Effects 


The complexity of the design process has recently been increased due to the 
requirements of fracture control. It is now generally recognized that the metallur¬ 
gical phenomenon of a fracture toughness transition with temperature is exhibited 
by a number of low- and medium-yield-strength steels. This transition results from 
the interactions among temperature, strain rate, microstructure, and the state of 
stress. One of the more perplexing aspects of this behavior is that the customary 
elongation property of the material appears to have virtually no relation to the 
degree of fracture toughness available. For example, a well-known mild steel such 
as the ASTM Grade A36, having an elongation greater than 20%, exhibits brittle 
behavior not only at lower, but also at room temperatures. 

It appears, therefore, that it may be advisable to characterize the materials with 
respect to their brittle tendencies before selecting the method of stress analysis. 
Traditional mechanical properties—in the form of yield point, ultimate strength, 
elongation, and elastic constants—must be supplemented with the thermomechan¬ 
ical data. The response of a stressed component, particularly at lower working 
temperatures, may be impossible to predict without a knowledge of fracture me¬ 
chanics and the material’s toughness. 

The application aspects of fracture mechanics given in this chapter are treated 
in a most elementary fashion. The aim of the presentation is simply to alert the 
design audience to some potential problem areas and to indicate the nature of 
modern trends in stress analysis and fracture control. It points to the necessity of 
characterizing the material’s behavior under stress in terms of new parameters. 


PRACTICAL ASPECTS OF FRACTURE 
MECHANICS 

The classical theory of fracture mechanics, which goes beyond the traditional con¬ 
cepts of stress analysis, has been further developed during the past 30 years for 
glasslike materials and higher-strength metals [69-83], although the critical phe¬ 
nomena of fracture in solids were studied as far back as 1920 [73]. It deals with 
brittle behavior, which can be triggered off by even a low nominal stress and vir¬ 
tually no visible signs of deformation. Once initiated, such a brittle process can 
propagate at a high velocity to the point of complete failure. 

As noted above, classical fracture mechanics is applicable to high-strength met¬ 
als. As a general guide, steels with the yield strength, say, above 180 ksi, tita¬ 
nium alloys above 120 ksi, and aluminum alloys above 60 ksi fall in this category 
and should be evaluated on the basis of fracture toughness rather than pure yield 
strength and elongation. It should again be emphasized, however, that brittle fail¬ 
ure can also occur in lower-strength materials. This important thermomechanical 
aspect is discussed in greater detail in Chap. 15. 

Extensive experimentation and some recent developments in continuum me¬ 
chanics have been aimed at defining a quantitative relationship between stress, the 
size of a crack, and the mechanical properties. It is well to point out that the advent 
of fracture mechanics does not negate the traditional concepts of stress analysis, 
which allow us to design for stresses exceeding the yield strength in the vicinity of 
such structural discontinuities as holes, threads, or bosses, provided that the ma¬ 
terial deforms plastically and redistributes the stresses. This concept is still valid 



